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velocity  targets  jifferences  in  DVA  scores  were  not  significant.  This  indi- 
cates the  need  to  tax  the  oculomotor  system  to  demonstrate  fatigue  effects.  — - % 
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SUMMARY 


Six  rotary  wing  aviators  were  subjects  in  a continuous  operation 
regimen  involving  some  12  hours  of  flying  and  3.5  hours  sleep  daily  for 
five  days.  Estimates  of  performance  on  a dynamic  visual  acuity  (DVA) 
task  were  obtained  several  times  each  day  during  the  study  using  target 
velocities  of  25°  and  40°/sec.  DVA  performance  varied  significantly 
during  the  fatigue  regimen  when  measurements  were  made  with  target 
velocities  of  40°/sec;  with  lower  velocity  targets  differences  in  DVA 
scores  were  not  significant.  This  indicates  the  need  to  tax  the  ocu- 
lomotor system  to  demonstrate  fatigue  effects.  Fatigue  effects  were 
partially  obscured  by  practice  effects  which  are  considerable  in  the  DVA 
task.  DVA  scores  correlated  only  modestly  with  subjective  estimates  of 
fatigue  intensity  and  flying  performance,  and  IP  ratings  of  performance, 
but  the  cluster  of  correlations  provided  a consistent  picture. 


INTRODUCTION 


Good  dynamic  visual  acuity  (DVA) , which  is  a measure  of  resolution 
in  the  presence  of  relative  motion  between  the  observer  and  the  object 
being  regarded,  is  critical  for  the  accomplishment  of  Army  helicopter 
missions.  Because  of  the  extremely  low  altitudes  flown,  particularly  in 
the  nap-of-the-earth  flight  profile,  even  at  modest  air  speeds  angular 
velocities  between  aviator  and  object  exceed  100°/second,  seriously 
taxing  visual  resolution  of  navigational  landmarks,  targets,  and  hazards 
such  as  power  lines. 


Recognizing  the  relevance  of  DVA  to  military  aviation,  a compre- 
hensive, systematic  analysis  of  dynamic  visual  acuity  was  conducted  by 
Ludvigh  and  Miller  at  the  Naval  School  of  Aviation  Medici  ne1  >2 >'* . 
Beginning  in  1953  and  extending  for  nearly  a decade,  these  studies 
provided  a broad  data  base  of  DVA  performance  and  led  to  a number  of 
important  generalizations:  (a)  DVA  deteriorates  significantly  and  pro- 

gressively but  with  large  individual  variation  as  the  target  angular 
velocity  increases;  (b)  DVA  is  relatively  uninfluenced  by  the  plane  and 
direction  of  mor.ion  of  the  target,  or  whether  the  relative  motion  is 
produced  by  movng  the  target  relative  to  a stationary  observer,  or  vice 
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higher  target  velocities,  but  individual  differences  in  practice  effects 
are  large;  (d)  DVA  and  static  acuity  are  not  significantly  correlated. 


Dynamic  visual  acuity  is  an  extremely  complex  visual  task,  per- 
formance of  which  is  related  to  at  least  three  separable  visual  skills: 
the  static  acuity,  oculomotor  performance,  and  rapid  visual  information 
processing.  That  DVA  depends  upon  more  than  the  static  acuity  is 
evidenced  by  the  low  correlation  between  these  measures,  especially  as 
angular  velocity  is  increased'0.  Perhaps  the  first  analysis  of  eye 
movement  patterns  during  DVA  performance  was  made  by  Oawford1'.  He 
demonstrated  an  inverse  relationship  between  latency  of  the  saccadic  eye 
movement  and  DVA  accuracy.  He  also  found  that  with  high  velocity  targets, 
tracking  consists  of  a series  of  saccades  with  little,  if  any,  accurate 
smooth  pursuit.  Crawford  further  defined  two  types-of  error  of  fixation 
in  DVA:  position  error,  in  which  the  target  critical  oetail  is  not 

imaged  in  the  central  fovea,  and  velocity  error,  in  which  eye  tracking 
and  target  velocities  differ  resulting  in  retinal  smearing.  Final!  -, 
because  of  the  brief  time  period  of  moving  tsrg*  t presentation,  DVA  may 
also  be  related  to  central  information  processing,  but  studies  addressed 
specifically  to  this  point  are  lacking. 


Because  of  the  dependence  of  DVA  upon  retinal,  oculomotor  and 
central  factors,  it  is  not  surprising  that  it,  unlike  simpler  measures 
of  visual  performance,  has  been  found  to  be  related  to  a variety  of 
variables:  age,  sex,  driving  performance,  anoxemia,  alcohol,  marijuana, 
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and  reduced  illumination;  hence,  to  be  a potentially  valuable  measure  of 
overall  visual  functioning  in  a number  of  applied  situations.  While  a 
deletorious  effect  of  fatigue  on  DVA  has  been  hypolhes i zed'' , the  present 
study  is  the  first  to  investigate  this  relationship. 

METHOD 

Subjects . Ss  for  the  present  investigation  were  six  (0)  rotary 
wing  aviators  between  the  ages  of  twenty-one  and  twenty-six.  All  pilots 
had  just  completed  rotary  wing  flight  school  and  had  logged  approxi- 
mately 200  flight  hours  prior  to  the  test. 

Apparatus . The  DVA  apparatus  was  a compact,  specially  constructed 
field-transportable  unit.  Targets,  following  Burg7,  were  the  Bausch  and 
Lomb  checkerboard  patterns.  The  pilot's  distance  from  the  rear  pro- 
jection screen  (53")  was  fixed  by  a chinrest,  and  the  screen  subtended 
12  1/4°  visual  angle  horizontally.  Five  target  sizes  were  used,  for 
which  the  angular  size  o+‘  the  critical  detail  varied  from  1.3'  to  2.8'. 
Target  luminance  was  approximately  37fL,  background  1.1  fL,  and  contrast 
94X.  The  checkerboard  targets  were  prepared  as  2"  X 2"  slides  and  were 
projected  onto  the  screen  using  a random  access  projector  via  a General 
Scanning  Model  G124  scanner.  Target  velocity  was  controlled  by  the  ramp 
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scanner  was  blanked  by  a Gerbrands  shutter. 

Procedure.  The  present  study  was  ancillary  to  a broader  determi- 
nation of  biochemical  and  psychophysiological  measures  of  fatigue  produced 
by  a continuous  operation  regimen  involving  some  12  hours  of  flying  and 
3.5  hours  sleep  daily  for  5 days.  The  remainder  of  the  time  was  taken 
up  with  experimental  procedures  and  meals.  Breakfast,  lunch,  and  dinner 
were  30  minutes  and  a late  night  snack  was  15  minutes  duration.  A 
detailed  report  of  the  broader  study  is  contained  in  reference  8.  Two 
pilots  were  run  at  a time.  During  the  experiment  they  lived  at  the 
USAARL  High  Falls  Field  Test  Station.  They  arrived  on  a Saturday,  were 
given  an  orientation,  including  familiarity  with  the  DVA  task,  and  had  a 
normal  night's  sleep.  On  Sunday,  control  data  were  obtained  on  all 
biochemical  and  laboratory  psychophysiological  tests.  The  first  and 
each  subsequent  flying  day  commenced  at  0430  and  ended  at  0100  except 
for  the  fifth  (last)  flying  day  when  the  flying  ended  in  the  late 
afternoon.  The  pilots  had  a full  night's  sleep  that  night  and  were  not 
awakened  until  0600  the  next  day.  That  day  was  another  control  day. 

The  pilots  spent  the  next  two  days  away  from  the  testing  area  then 
returned  For  a final,  recovery,  control  day. 

Dynamic  visual  acuity  performance  was  assessed  at  0600,  before  and 
after  lunch  and  dinner,  and  before  retiring.  For  the  first  two  subjects, 
two  checkerboard  target  velocities  wore  used,  20"  and  30 ’/sec,  with  a 
descending  method  of  limits  procedure.  We  found,  first,  of  all,  that 
2(F/sec  was  too  slow  to  provide  useful  information,  and  secondly,  that. 
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the  method  of  limits  was  inappropriate  because  of  the  fluctuations  of 
attentiveness  ("lapses")  that  characterizes  fatigue''. 


For  the  subsequent  four  pilots  we  increased  target  velocities  to 
25°  and  40° /sec  and  used  the  method  of  constant  stimuli.  The  results 
for  these  four  subjects  only  will  be  reported.  For  each  assessment  of 
DVA  performance,  the  pilot  received  30  trials,  15  at  the  lower  target 
velocity  followed  by  15  trials  at  the  higher  velocity.  Each  15  trial 
block  consisted  of  i randomized  ordering  of  the  5 target  sizes,  3 each 
at  any  of  the  four  possible  orientations:  top,  bottom,  left,  or  right. 

Each  trial  was  preceded  by  a verbal  "ready"  signal  and  target  movement  was 
always  horizontal,  left  to  right.  For  quantification  of  DVA  performance, 
the  easiest  targets  (2.8')  were  assigned  a weight  factor  of  1 and  pro- 
gressively more  difficult  targets  were  assigned  weights  of  2,  3,  4,  and 
5.  The  DVA  score  consisted  of  the  sum  of  the  products  of  the  weighting 
factors  and  number  correct  for  each  level  of  difficulty  normalized  so 
that  errorless  performance  was  assigned  a score  ot  100. 

RESULTS  AND  DISCUSSION 

DVA  Performance.  The  mean  DVA  performance  scores  over  experimental 
days  are  depicted  in  Figure  1 by  the  a lid  lines  separately  for  the  25' 
and  40Vr.cc  target,  velocities.  The  five  flying  days  are  bounded  by  the 
broad  vertical  tines.  The  broad  interrupted  horizontal  line  depicts 
chance  performance  level  (25!.) . It.  may  be  seen  that  performance  improved 
from  the  control  day  to  the  first  flying  day,  and  again  dramatically  on 
the  first  day  afte"  a good  night’s  sleep  following  the  five  flying  days. 
Differences  in  DVA  scores  over  days  were  significant  at  less  than  the 
.02  level  (F=3.?17,  df-7,21)  ft r 40“/set  and  approached  significance  at 
25'Ysec  (F’2.307,  df-7,21,  p-.i65).  Also  portrayed  in  Figure  1 (the 
dashed  lines  connecting  the  DVA  scores  on  Days  2 and  7)  is  a hypotheti- 
cal DVA  practice  or  learning  curve  which  would  be  expected  in  the 
absence  of  fatigue10.  The  differences  in  the  two  curves  provide  esti- 
mates of  the  DVA  decrement  with  fatigue. 

Rel at i on  of  DVA  Scores  tc  Other  Measures.  At  the  end  of  each 
flying  session  throughout  the  experiment , the  pilots  scaled  their  sub- 
jective estimates  of  fatigue  hv  placing  a mark  on  a printed  line  of 
standard  length,  the  position  ol  the  mark  indicating  fatigue  inten- 
sity.11 The  mean  fatigue  intensity  ratings  for  the  five  flying  days  are 
schematically  presented  in  figure  2.  Over  the  five  flying  days,  fatigue 
ratings  increased  gradually  during  the  day  then  rapidly  at  night;  they 
increased  rapidly  the  first  day  or  two  and  gradually  beyond.  Both 
variations  are  highly  statistically  significant  while  the  interaction 
between  them  is  not.  Ine  correlation  coefficients  obtained  between 
these  ratings  and  the  DVA  scores  obtained  a few  minutes  later  (based  on 
18  pairs  of  measures)  for  each  of  the  four  pilots  are  -0.23,  -0.42, 

0.15,  and  -0.18.  lor  three  of  the  four  subjects,  the  rs  are  negative, 
as  expect0'!,  '"it  significant  ''o,y  the  second  pilot. 
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In  spite  of  the  build  up  of  fatigue  over  flying  days,  the  pilots 
did  not  assess  their  flying  performance  to  be  impaired,  and  this  is 
corroborated  by  ratings  of  the  accompanying  safety  pilots  (IPs).  These 
mean  ratings  are  given  in  Figure  3.  None  of  the  variations  of  flight 
performance  ratings,  either  the  pilots'  or  the  IPs',  as  a function  of 
time  of  day  or  ordinal  flying  day,  are  statistically  significant.  The 
correlation  coefficients  obtained  between  these  ratings  and  the  DVA 
scores  obtained  a few  minutes  later  for  each  of  the  pilots  are:  0.19, 

0.30,  0.22,  0.20  for  the  pilots'  own  ratings,  and  0.34,  0.39,  Q.08,  and 
0.33  for  the  IPs'  ratings.  None  of  these  rs  reach  significance,  although 
all  are  positive  as  expected,  and  taken  together  provide  a consistent 
picture. 


The  relatively  small  variations  observed  in  this  study  in  DVA 
performance  indicate  the  need  for  improved  sensitivity  of  measurement. 
The  obfuscation  of  a fatigue  effect  by  the  benefits  of  practice  --  seen 
also  in  other  measures  of  oculomotor  performance1 x - suggests  the  need 
for  extended  practice  prior  to  the  experimental  period  to  assure  that 
performance  is  asymptotic,  or  the  use  of  a method,  perhaps  varying 
direction  of  motion  randomly,  with  which  practice  effects  would  be 
minimal.  With  the  relatively  restricted  range  of  DVA  scores,  as  well  as 
those  of  the  subjective  fatigue  and  flight  performance  measures,  the  low 
correlations  observed  are  not  entirely  surprising. 


r (Terences 


t-1 

ti? 


f 


l 


1.  Ludvigh,  E.  dtui  Miller,  J.W.  A Study  £f  Dynamic  Visual  Acui  ty . 

Kresge  Eye  Institute  and  U.S.  Naval  School  of  Aviation  Medicine, 

Joint  Project  No.  MM  001 07 5.01 .01 , Report  1,  A March  1953. 

2.  Ludvigh,  E and  Miller,  J.W.  "Study  of  Visual  Acuify  During  (lie 

Ocular  Pursuit  of  Moving  Test  Objects.  1.  Introduction,"  Journal 
of  the  Optical  Society,  48:  79  1-802.  1958. 

3.  Miller,  J.W,  "Study  of  Visual  Acuity  During  the  Ocular  Pursuit  of 

Moving  Test  Objects.  II.  Effects  of  Direction  of  Movement,  Relative 
Movement,  and  Illumination,"  Journal  of  the  Optical  Society,  48: 
803-808,  1958.  ' 

4.  Miller,  J.W.  and  Ludvigh,  E.  "The  tfiecl  of  Relative  Motion  on 

Visual  Acuity."  Survey  of  Ophthalmology,  7:  83-118,  1952. 

5.  8urg,  A.  "Visual  Acuity  as  Measured  by  Dynamic  and  Static  Tests: 

A Comparative  Evaluation,"  Journal  of  Applied  Psychology , 50: 
450-455^  1966. 

6.  Crawford,  W.A.  The  Pc r c eg ti or  or  Moving  Objects.  11_.  Lye  Movements , 

Air  Ministry  P 1 y i ng  Pori oni.’c j Research  Committee  Report  I PRC  1115, 
July  1960. 

7.  Burg,  A.  "Apparatus  for  Measurement,  of  Dynamic  Visual  Acuity," 

Perceptual  and  Motor  Skills,  20:  231-2.14,  1965. 

8.  Kimball.  K.A.  and  Anderson.  0.8  "Aviator  Performance:  Biochemical, 

Physiological,  and  Psychological  Assessment  of  Pilots  During  E*lemiod 
Helicopter  Flight,"  N/V10-AGARD  Conference  Proceedings  182. 

9.  Williams,  H.L.,  l.ubin.  A.,  and  Goodnow,  J.J.  "Impaired  Performance 

with  Acute  Sleep  Loss,"  Psychological  Monographs.  73  (14,  Whole 
NO.  484),  1959. 

10.  Ludvigh,  C.  and  Miller,  J.W.  Some  El  leers  iraining  on  Dynamic 

Visual  Acuity , Kresge  Eye  Institute  and  U.s.  Naval  School  o7 
Aviation  Medicine,  Joint  Project.  No.  NM  001075.01 .06  Report  No.  6, 

22  September  1954. 

11.  Hartman,  B.O.,  Hale.  H.6.,  and  Johnson,  W.A.  "fatigue  in  fP-111 

Crewmembers."  Aerospace  Medicine,  45:  IOJh-10,’9,  1974. 

12.  Melton,  C.E.  and  Wicks,  M.  Binocular  Fusion  Time  in  Sleep-Oepri v *d 

Subjects , FAA  Report  AM69-1.  January  1969. 


DYNAMIC  VISUAL  ACUITY  SCORE 


Figure  3.  Mean  ratings  of  flight  performance  as  a function  of  time 
day  and  flying  day  for  the  pilots  themselves  and  for  the 
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